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Foreword

Mule deer and white-tailed
deer are the most widely distributed
and abundant big game mammals in
Montana. Although evolved to live and
thrive in broadly different environments,

the two species are remarkably adaptive.

Both occur in a wide variety of habitats,
under widely fluctuating environmental
conditions, in the presence of numerous
other wild mammals and domestic
livestock, and in the wake of extensive
human development and disturbance.

Managing deer across diverse
habitats and conditions in Montana
begins with understanding both their
biology and behavior. It also requires
effective methods for monitoring
populations and habitats as well as for
manipulating deer numbers or habitat
factors to meet diverse social and
economic objectives.

Montana has a long history of
research to provide basic information
about deer and their habitats and to
develop and test new and improved
methods and criteria for deer
management. Studies during the 1940s
and ’50s provided most of the first
scientific data, laying the foundation
for “deer management based on facts.”
Later, studies evaluated and refined
some of the early management concepts

and methods and their applications.

By the early 1970s, the
environments in which deer existed
were changing rapidly. Some methods
for deer management became outdated
and it was evident that new information
and approaches were necessary. In
1975, an important long-term and
comprehensive statewide research
effort was initiated employing new
and emerging technologies in research
on both species and across a broad
spectrum of environments in Montana.
Numerous ancillary studies mostly in the
form of 2-year graduate student research
projects were conducted in association
with this long-term investigation.

This bulletin was prepared as a
comprehensive summary of results
from all of these studies. Like earlier
efforts, the results lend additional
insight to understanding the behavior,
biology and ecology of the two
species. However, unlike earlier
investigations, this investigation focused
on formulating research results into
management recommendations. This
resulted in important advances to refine
management strategies and practices
to help reduce some of the uncertainty
that always exists in dealing with wildlife
resources in complex environments.

Donald A. Childress
Administrator, Wildlife Division
Montana Fish, Wildlife and Parks
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Preface

The research presented in this
report was funded and sponsored by
hunters and the Federal Aid in Wildlife
Restoration program. Together they have
provided major funding for scientific
game management since 1941, including
numerous short-term and comprehensive
long-term field research investigations
as reported in this bulletin. Although
the information presented herein is
definitive, no reader should be deluded
into thinking these are the “last words”
in our understanding of Montana’s two
most numerous large mammals. Our
knowledge can never be complete,
nor will management be conducted
with certainty. As the environment and
society changes, so must our knowledge
of deer-habitat relationships. Research is
one means of obtaining the wherewithal
to recognize and adapt management to
those changes.

It is difficult to consider deer
separate from their environment. All
that deer are and all that deer do are
biological and behavioral responses to
the environments in which they occur
as individuals, populations, and species.
This bulletin expands on that view in
discussions of deer-habitat relations and
deer population ecology. For example,
the term “habitat” has been defined and
characterized by many but understood
by few. Ask anyone what constitutes
“deer habitat” and most will describe a
landscape that usually includes a buck
and/or a doe, and often a fawn or two
in a picturesque outdoor setting. Such
images are designed for economic
markets or artwork and not scientific
understanding. Only when the “concept”
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of habitat is described in terms of
juxtaposition of all components and
their use by individual deer or family
units of deer, does habitat become
truly meaningful. Deer habitat is
multidimensional and must include not
only the basic components for survival,
but also the social behavior of deer.

Individual deer of both sexes
comprise the basis of a deer population.
However, partitioning environments
into deer matriarchal units surrounded
by nearby and overlapping younger
female units is integral to understanding
both how populations operate and for
management options of the two species.
Male habitat selection and survival,
while necessary for species continuance,
is peripheral to the importance of
matriarchal units for maintenance or
increases in deer populations. Females
establish the ultimate pattern of deer
population distribution in both new
habitats and in habitats recolonized after
population declines.

Understanding population
characteristics and dynamics, including
age structure of the female segment and
patterns and rates of fawn recruitment
and adult mortality, are crucial to
managing deer at the local level. The
severe reduction or loss of one cohort
due to environmental stress often linked
with predation may not be critical to
the population, but severe reductions
in two or more consecutive cohorts can
set the stage for a significant population
decline. Conversely, good survival of
consecutive cohorts can foretell an
imminent population increase.



The probability of survival is high
for most deer after achieving adulthood.
The majority of adult deer mortality
can be accounted for by legal hunting,
terminal wounding losses and illegal
killing. This human-induced mortality
replaces some natural mortality in
adults, but those latter rates are
normally quite low. However, occasional
episodes of high natural mortality of
adult females also can trigger population
declines, especially in association with
low fawn recruitment.

The authors have emphasized
the importance of behavior in habitat
relationships and population dynamics.
Social behavior, while hard to quantify
and explain, is often the driving force
in selection of certain habitats and
avoidance of other habitats. It also is
an important element that allows local
subpopulations to use habitat most
efficiently, at optimal densities, and
adapt to fluctuations and other changes
in the environments deer occupy.

Land use changes and hunting
regulations over the last two decades
have led to a dramatic increase in
distribution and abundance of white-
tailed deer in Montana (In 1996, and for
the first time on record, the statewide
white-tailed deer harvest was higher
than the mule deer harvest). This in turn
has led to a significant overlap in the
distribution of the two species. Despite
this overlap and parallel strategies
for habitat selection, they remain
two distinctly separate species that
typically select and use very different
habitats within their range. Just as
our knowledge about mule deer and
white-tailed deer has evolved, so too
must our philosophy about managing
them as separate species as distinct
from one another as either is from elk or
antelope, for example.

Humans are an integral part of the
ecology of deer. Their greatest long-term
impacts are on deer habitat (good and
bad). In effect a major predator, they are
responsible for a significant amount of
annual mortality of deer through hunting
and other means. Although hunter
harvests of deer have been monitored

for almost 50 years, only in the past
decade or so have biologists begun to
define, quantify, and understand the
interaction of all causes of mortality in
population ecology.

In terms of management, the
results herein indicate that many
existing theories or “principles of
deer management” are less applicable
than commonly believed. Traditional
interpretation of “carrying capacity”

did not explain observed deer-

habitat interactions on or among the
various study areas. The concept of a
consistent “limiting factor” influencing
deer population dynamics statewide
could not be identified. Similarly, the
concept of “compensatory” increases
in fawn recruitment and deer numbers
or decreases in natural mortality with
increased hunter harvests and reduced
population density was discussed as
having limited application. To assume
the general existence and operation of
these concepts in population dynamics
of both species, across all environments,
and over time will likely result in
misinterpretation of management
opportunities.

Harvest rate recommendations
presented in this bulletin, if based on
the required information, may cause
some concern among law enforcement
personnel and the public. Why? Because
harvest regulations for deer populations
existing in close proximity may be
subject to different population control
strategies. It may take considerable
time for hunters and the public to realize
that populations or other groups of
deer in close proximity to one another
may not be influenced by the same
land management practices, hunting
influences, and environmental factors
(in fact what is bad or has negative
effects in one place or at one time
may be good or beneficial in another).
Recognizing this and applying it to
harvesting and overall management of
deer may complicate rather than simplify
hunting regulations and assessment
of environmental impacts. Monitoring
deer numbers and harvests and their
respective compositions will require time
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and appropriate procedures along with
administrative and political support. The
less this occurs, the more speculative
the recommendations for hunting
seasons, and the lower the probability
of successfully achieving long-term deer
management goals and objectives.

Management of deer at virtually
any population level may be possible
in many areas once desired deer
numbers, density, and population-units
are delineated. Because of the vagaries
of weather, however, population
goals should fall within numerical
ranges, not point estimates, based
on observed or reasonably expected
values for population fluctuations in
a given environment over time. Other
important components in designing deer
management goals include agricultural
and forest economics, land development
activities, traffic safety, and social
tolerances for hunters, hunting, and
wildlife viewers.

Biologists, hunters, landowners and
the general public have experienced two
“reality checks” in deer management
in Montana during the past 25 years:

the first during 1972-1977, the second
beginning in 1995. The reaction
to the next “check” will reflect our
knowledge, skills and ability to detect
population fluctuations and respond
with appropriate adjustments in hunting
regulations.

The research results and
management implications presented
in this bulletin provide some new
information about modeling the effects
of size (numbers of animals) and density
(number of animals per unit area) as
separate but interactive population
parameters. Based on biological
parameters and ecological boundaries,
these models allow managers to test the
impacts of various mortality factors,
including harvest strategies, on existing
deer populations and future trends.

Another deer decline will doubtless
occur early in the 21st Century, but if the
management regimes presented in this
bulletin are accepted and implemented,
fluctuations may be better predicted
and receive more timely management
responses.

j\*w?injmﬂ/

Terry N. Lonner

Chief, Research and Technical Services
Wildlife Division

Montana Fish, Wildlife and Parks

New paradigms will replace old when the new can explain anomalies between

observation and the old paradigms.
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Historical Perspective

Deer management in Montana
has traditionally attempted to satisfy the
requirements of deer for survival and
provide maximum hunting opportunity.
Beginning in the 1940s, management was
based on a conceptual model in which
the key elements were winter range,
the quantity and quality of forage (i.e.,
browse) available on primary wintering
areas, and deer numbers and distribution
relative to these resources.

This model was developed from early

knowledge of deer biology and theories

about population ecology. It assumed that

deer populations were highly productive,
inherently irruptive, and capable of
overpopulating and overbrowsing their
ranges unless controlled by hunter
harvest. Forage, particularly the winter
browse supply, was assumed to be the
primary factor limiting populations.
“Carrying capacity” was the number of
deer a range could sustain in balance
with the forage supply. As deer numbers
reached or exceeded carrying capacity,
the amount and quality of winter browse
available to individual deer declined,
resulting in widespread malnutrition and
death from starvation. Malnutrition also
adversely affected reproduction, body
size, and antler growth.

It also was assumed that heavy
browsing had another, perhaps even more
insidious, effect. Overuse of important
plants resulted in a hedged appearance;
browse plants declined in size and
productivity until they died and were
replaced by less nutritious and palatable
plants. In this manner, carrying capacity
presumably could be reduced to the point
where the range would support fewer

deer. Deer browsing was the primary
factor affecting forage plant abundance
and productivity and deer could degrade
their own habitat.

Based on these concepts,
many biologists defined deer habitat
synonymously with the browse supply on
winter range. Healthy, productive winter
forage produced healthy productive deer
populations, and the way to sustain both
was through sufficient hunter harvest
to maintain the most favorable balance
between population size and the “habitat.”

Early concepts identified other
potential limiting factors like predation,
disease, parasites, and severe weather
that could limit deer numbers. However,
their effect was considered more an
expression of an underlying nutritional
problem that weakened and predisposed
deer to those factors rather than direct
limitation.

Regulated human predation, or
hunting, was not considered limiting
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Regulated human
predation or
hunting was not
considered limiting
because it was not
believed additive
to other mortality.
Instead, hunting
mortality was
believed to be
“compensatory”
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because it was not believed additive to
other mortality. Instead, hunting mortality
was believed to be “compensatory”,

i.e., it replaced natural mortality which
would otherwise occur. It also reduced
population density to promote increased
survival and reproduction among
remaining deer.

Within this conceptual framework,
deer were “deer,” i.e., mule deer,
white-tailed deer, bucks and does,
adults and young, were essentially the
same organisms from a management
perspective. Hunting and harvest were
the primary tools for both population
and habitat management as well as the
primary measure of success in deer
management. The task of managers was
to develop harvest strategies and sustain
sufficient hunter harvests to maintain
healthy, productive forage and deer
populations on winter range.

The framework also simplified
management because biologists could
focus surveys on a small portion (usually
<20 percent) of the total yearlong
range of deer. Further, an elusive and
controversial estimate of the total
numbers of deer on a range or in a
population was not necessary. One
needed only measure utilization and
condition of “key” browse plants on “key”
winter range areas to determine whether
deer populations were too high, about
right, or too low in relation to carrying
capacity. Other databases (such as
trend in number of deer harvested and
fawn production), which were assumed
to be directly related to utilization and
condition of winter browse, also could
be sampled with reasonable ease and
accuracy.

By the 1940s and early 1950s,
concurrent with these developing
concepts, deer populations were
expanding almost explosively. Restrictive
hunting seasons severely limited deer
harvests locally and statewide. Major
predators (wolves, mountain lions, and
coyotes) had been reduced or eliminated
from their natural ranges in Montana.
Favorable habitat conditions developed
in association with the end of the 1930s
drought. Changes in livestock grazing,
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agriculture, and logging provided
increased habitat diversity and high
energy forage for deer. In some areas
of eastern Montana, dwindling human
populations reduced disturbance and
restored natural habitat.

Growing deer populations brought
new, unprecedented problems and
conflicts. The first three decades of the
century witnessed low deer numbers and
development of a protectionist mindset
among hunters and landowners. By
the early 1950s, “overabundance” and
depredations on agricultural, range, and
forest lands brought need for expanded
harvests for population control. To
conservation-minded sportsmen, however,
the notion of liberalizing hunting
regulations from bucks-only to either
sex or doe seasons was unthinkable.
Thus, the new “management model,”
though offering increased opportunity for
recreational hunting and greater hunting-
harvest success, faced formidable social
barriers.

Theory and practice embodied
in this winter forage limiting model
provided biologists with an objective,
scientific basis to address the problems
of overabundance. It also gave new
opportunities for management.

Few wildlife management programs
have been pursued as aggressively
or implemented so widely as “ deer
management based on facts” (Cole 1958,
1959, 1961; Newby 1958). The history
and results of the program from the
early 1950s through the early 1970s are
documented in deer hunting regulations
and harvest records maintained since
1945, as well as in reviews of deer
management from 1941 through 1970 by
Allen (1971) and Egan (1971).

Efforts to expand hunting
opportunity and reduce burgeoning deer
populations through special either sex or
“doe” hunting seasons began in western
Montana in 1951 and 1952. Five years
later, almost the entire state was opened
to general hunting of two deer of either
species, either sex, during a one-month
season. In addition, nonresident hunting
was expanded by offering $20 either-sex
permits in many hunting districts. Areas



with severe overbrowsing or agricultural
depredations were frequently delineated
for special early or late seasons allowing
harvest of additional antlerless animals.

Under this management strategy,
which represented an intensive statewide
effort to apply “sustained yield harvest
theory” to deer populations in Montana,
harvests increased from less than
40,000 deer annually prior to 1952 to
over 100,000 by 1955. Annual harvests
exceeding 100,000 deer were sustained
into the early 1970s with few exceptions.
During much of this period, antlerless
deer constituted 25 to 40 percent of
the statewide harvest. By conservative
estimate, total legal harvests probably
removed no less than 10 percent
of autumn populations statewide (a
statewide harvest of 100,000 deer would,
at 10 percent, require an average density
of about 3 deer per square kilometer
across the entire state, or an average of 4/
km? on two-thirds of all land in the state).
Check station data and statewide harvest
survey estimates for individual hunting
districts indicated much higher than
average harvest rates occurred locally,
especially in areas of special management
concern.

Unfortunately, this aggressive
practice of deer management through
liberal hunting seasons did not sustain
deer populations or harvests. Change
was on the way as mule deer numbers
began to decline in Montana and across
much of western North America during
the late 1960s and early 1970s.

As early as the mid-1960s, biologists
and others began questioning some
of the concepts and practices that
were broadly applied when deer were
extremely abundant. Some questioned
the effectiveness of range survey methods
and criteria for interpreting deer range
conditions. Others believed that not
enough deer were killed to achieve a
balance between deer populations and
available range. As a result, new studies
were requested to provide an ecological
basis for determining range condition
and trend in the statewide management
program and to determine the degree of
harvest necessary to maintain the balance

where ranges had deteriorated and deer
numbers had declined. Yet, few deer
managers were skeptical of the simple,
cause-effect relationship between deer
and their habitat.

Research initiated in 1970 to
evaluate range surveys confirmed
numerous technical, analytical, and
conceptual problems with the program.
Range survey data had only limited
utility in expressing real trends in plant
utilization and condition; in many cases
they were inaccurate (Mackie 1975). The
findings also raised questions about the
general applicability of basic concepts
about deer-habitat interactions; especially
the simple, direct relationship between
deer populations and the supply and
condition of key browse plants on key
winter ranges.

Where data were available, browse
utilization and condition trends were not
related to deer population trends. Winter
browse supply was only one of many
factors influencing deer populations, and
deer use was but one of many factors
influencing plant populations and forage
supplies (Mackie 1973, 1975). Winter
concentrations of deer and heavy use
of browse probably revealed only
where deer ended up and what they
subsisted on under desperate conditions
(Carpenter and Wallmo 1981). Winter
concentrations were not indicative of an
overriding importance of winter relative
to other seasonal ranges.
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Widespread declines in mule deer
populations during the early-mid 1970s
came as a shock to most biologists.
Theoretical concepts and principles of
deer management could not explain the
decline (MCTWS 1975, Workman and
Low 1976). Pengelly (1976) indicated
that the effects of nearly all limiting
factors including hunting on deer
populations were poorly understood.
Specific findings concerning limiting
factors were confusing or contradictory.
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Deer science lacked a broad, long-term
population perspective that included
importance of the interaction among
factors. Most deer management
principles were derived from short-term
studies on a few problem areas at a time
when deer populations were abundant
or from controlled experiments in pens.
Basic theory and management concepts
about population ecology and sustained
yield harvest were largely untested.



Statewide Deer Research Studies

Studies on deer in Montana during
the 1950s and 1960s were designed
primarily to identify problems and provide
information on food habits and winter
range use. A few evaluated the efficacy of
management programs and concepts, as
in the case of browse surveys. However,
these studies were not sufficient to
explain deer population phenomena
nor to answer concerns about existing
management theory and practices.

Because of this, comprehensive
studies on the population ecology of both
species in representative Rocky Mountain
and Great Plains habitats were initiated
during 1975. Established upon a base
of earlier deer research, the new studies
were designed to:

* provide more detailed knowledge and
an improved understanding of the
biology and population ecology of mule
deer and white-tailed deer in Montana

¢ develop new or improved methods for
managing mule deer and white-tailed
deer populations and habitats, and

* establish new guidelines for
consideration of mule and white-tailed
deer in other wildlife, range, forest, and
land management programs.

A long-term, comparative
evaluation of deer-habitat interactions
and population ecology among species

and environments would provide basic
knowledge about deer and insight to
important management questions. For
example:

* what constitutes deer habitat?

* how do deer select and use habitat and
adapt to habitat variation?

* what constitutes habitat condition/
habitat quality?

* how can condition trends be measured
effectively?

* what constitutes a deer “population”?

* how are populations organized and
maintained over time?

* how do populations vary in space and
time?

* how does the interaction of natural
mortality and hunting influence
population dynamics?

The research embraced spatial
and temporal scales previously avoided
in studies on deer. Included were six
intensive investigations in the major
ecological types occupied by deer in
Montana (Fig. 1). All were full-time
field studies conducted concurrently for
periods ranging from 7 to more than
20 years. Additional, comparative data
were available from earlier research and
numerous less intensive, shorter term
studies throughout the state.

StATEWIDE DEER RESEARCH STUDIES
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Figure 1.
Locations of major deer study areas and boundaries of Montana Fish, Wildlife and Parks administrative
regions.
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Methods

Similar methods were employed
on all areas, though some were
modified in accord with local logistical
constraints and individual study
objectives. Technology available for field
investigation and data analysis changed
markedly through time, and we upgraded
our methods during the work.

On each of the primary study areas
we endeavored to define:

* characteristics of the habitat in
terms of physical and biotic attributes

* deer behavior or use of the area
(distribution, movements, home range
size and shape, use and selection for
vegetation/cover types, activity patterns,
and food habits)

* biological attributes of deer
(growth patterns, body size, condition,
longevity, reproduction, and mortality)

¢ deer population characteristics
(size, sex and age structure) and
dynamics (annual recruitment and
adult mortality rates, immigration, and
emigration) over time and across the
range of environmental variation that
occurred.

Details of methods used are given in
final reports and publications for each of
the studies (e.g., Dusek et al. 1989, Wood
et al. 1989, Hamlin and Mackie 1989, Pac
et al. 1991). Only a broad overview is
presented here.

All study areas were described in
terms of geographic location, topography,
climate and weather, vegetation, major
fauna, and land uses. Environmental
descriptions, the system or intensity of
mapping, and mode of analysis varied
among studies and over time. For

example, after studies in the Bridger
Mountains indicated that mule deer
were distributed in seven, relatively
discrete “population-habitat units,”
habitat investigations were redirected to
comparative analysis of environmental
features and patterns of variation within
and among units. Also, early analyses
were relatively simple and utilized

very general measurements. Others
completed later in the studies were more
complex and utilized detailed databases
generated by computers and GIS mapping
technology.

All of the studies relied on radio-
collared and other individually marked
deer to define habitat relationships and
assess population characteristics and
dynamics. Deer were captured and
marked with radio collars or neckbands
using various techniques that included
bait trapping in corral and Clover traps,

MEeTHODS | 7
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rocket netting, chemical immobilization,
helicopter net gunning and drive netting,
and hand capture of fawns. Collectively,
we captured and marked approximately
2,500 mule deer and 1,600 white-tailed
deer on the primary study areas from
1975 through 1995. Of these, 880 mule
deer and 355 white-tailed deer were
equipped with radio collars. Radio-
collared individuals were relocated by
periodic monitoring both from the ground
and from the air; neck banded deer were
observed as opportunities permitted.
Most monitoring occurred during
daylight hours, but triangulation at hourly
intervals provided data on nighttime
movements and activity over 24-hour
periods in some areas. The development
of highly reliable, long lasting radio
transmitters enabled

individuals and e _ &
groups of deer to

be monitored over

several years. Some

deer were recollared several times and
followed for up to 13 years.

Intensive aerial surveys, employing
fixed-wing aircraft and helicopters, also
were used in determining habitat use and
population characteristics and dynamics
of deer in all areas except the densely
forested whitetail habitats in northwestern
Montana. Following procedures outlined
by Mackie et al. (1981), Dusek et al.
(1989), Wood et al. (1989), Hamlin and

EcoLocy AND MANAGEMENT OF DEER IN MONTANA
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Mackie (1989), and Pac et al. (1991),
seasonal distributions and trends in
population size and composition were
determined over periods ranging from 7
to 35 years on major study areas.

Our use of complete-coverage
surveys eliminated possible bias resulting
from sampling design in population
estimates. Flown by pilots and observers
experienced in aerial deer surveys,
the counts and classifications always
represented the minimum numbers of
deer and sex/age classes on study areas.
To develop reasonable total population
estimates, we had only to determine
the accuracy of our counts. However,
in most cases this approach precluded
opportunity to calculate confidence limits
around annual population estimates.

To account and adjust for visibility
bias, we developed observability indexes
(estimates of proportions of total deer
observed) relative to study area/habitat,
season, survey conditions, aircraft,
and observer. These indexes, based on
proportions of marked and radio-collared
deer observed, were generally consistent
from year to year within study areas and
seasons when the same pilot and observer
were used.

To further strengthen population
estimates, data on population
composition were applied in arithmetic




population models (Mackie et al. 1981)
to reconcile any differences in estimates
between seasons and years. Deer harvest
and mortality patterns and rates among
marked deer also were employed in
modeling and confirmation of population
estimates.

Ground surveys supplemented aerial
surveys. They provided additional data on
all study areas and provided the primary
data on population characteristics and
dynamics of white-tailed deer in densely
forested northwestern Montana habitats.
In recent years, camera surveys (Dusek
and Mace 1991, Dusek and Morgan
1991) were also employed successfully to
evaluate whitetail population parameters
and habitat relationships in the Salish
Mountains.

Deer harvest rates were estimated
by marked and radio-collared deer. These
data were corroborated by hunter check
stations, field checks, questionnaires, and
the Montana Fish, Wildlife and Parks’
statewide deer harvest survey. Special
dead-deer surveys were conducted on
some areas during spring.

Sex, age, and various measurements
were recorded for all deer captured,
checked at stations, or examined in the
field. Whenever possible, lower jaws
or incisors were collected from deer
examined at check stations or in the

field. Ages were assigned in the field
using tooth eruption and wear criteria
(Severinghaus 1949, Robinette et al.
1957). When jaws or incisors were
obtained, dental cementum analysis (Low
and Cowan 1963, Gilbert 1966) also was
employed to ascertain age. Weights,
antler, and other measurements of
biological characteristics and condition
(Riney 1955, Greer 1968, Verme and
Holland 1973) were also obtained.
When possible, blood samples were
collected from deer handled in traps

or captured as fawns. During January-
June, reproductive tracts were removed
from any female mortalities to evaluate
reproductive performance. Measurement
of serum concentration of progesterone
and pregnancy-specific protein B from
peripheral blood (Wood et al. 1986)
provided additional estimates for
pregnancy rates. Rumen contents were
sampled throughout the year for analysis
of food habits.

Analytical procedures and
methodology varied according to needs of
individual studies. Statistical procedures
generally followed Zar (1984). Most
analyses were conducted using Montana
State University computing services and
a variety of computers, software, and
statistical packages such as SAS (Ray
1982) and MSUSTAT (Lund 1983).

METHODS
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Mountain-Foothill

Studies in the mountain-foothill
environment centered in the Bridger
Mountain Range. The Bridgers are
a representative, semi-isolated range
located at 45°53’ north latitude, 110°53’
west longitude, on the eastern flank of
the Rocky Mountains in southwestern
Montana (Fig. 1). Together with adjacent
footslopes, the area encompasses about
2,000 km? and includes most of the
topographic, climatic, and vegetational
variation characteristic of mountain-
foothill environments in Montana (Pac et
al. 1991).

The Bridger Mountain Range
is dominated by a north-south
trending mountain divide that extends
approximately 40 km in an arcuate
pattern along the west flank. Three
attending ridge formations extend
easterly from the main divide to dominate
the eastern flank and about two thirds
of the total area. Elevations vary from
1,365-1,630 m along lower footslopes to
2,400-2,947 m along the main Bridger
Range and 2,100-2,400 m at highest
points along the eastern ridges. Overall,
the west flank is characterized by high
topographic relief and short, steep-sided
drainages; the east flank is lower and less
severe, with long drainages descending
gradually through open benchlands,
timbered foothills, and gently rolling
footslopes.

The Bridger Mountains experience
short, cool summers and long, cold
winters, but local climates and weather
patterns vary greatly. Average annual
precipitation increases sharply with
elevation from 40-45 cm along the

western footslopes to an estimated
127 cm along the Bridger Divide, then
declines progressively to the east and
north to 35-40 cm.

In aspect, the Bridger Range and
attending ridges and foothills comprise
an “island” of montane forest within a
“sea” of lowland steppe (Pac et al. 1991)
(Fig. 2A). The steppe, dominated by
open grass and shrub-grass communities,
covers approximately 60 percent of the
area. Montane forest, dominated by open
to dense stands of several conifer species,
covers 38 percent of the area within an
elevational range of 1,830 m to 2,700 m.
Highest elevations, above 2,400-2,700 m
along the main Bridger Range divide, are
characterized by a subalpine-alpine zone
covering 2 percent of the total area.

Most of the Bridger Mountain study
area, including nearly all of the steppe
zone and about one-half of the foothill
area, is privately owned. Lands above the
lower limit of forest are predominantly
in public ownership administered by
the Gallatin National Forest. Along the
east flank of the main Bridger Range
ownership is in a checkerboard pattern
with alternating sections of private timber
lands. Grazing, dryland grain farming,
hay production, timber harvest, and rural
residential development are the primary
uses of private lands. National forest
lands are managed for timber harvest,
livestock grazing, and recreation.

Early concerns about mule deer
populations and damage to agricultural
products led to a study of food habits,
range use, and agricultural relationships
on the west flank of the Bridger Range
(Fig. 2B) during 1955-1956 (Wilkins

MOUNTAIN-FOOTHILL
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Figure 2.
Mountain-foothill
environment, the
Bridger Mountains
study area: looking
north (A) and east
across a major west
slope winter range

®B).
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1957). This was followed by special
studies to develop methods for deer range
surveys during 1957-1959. During 1971-
76, five graduate thesis projects and other
special studies were conducted to further
evaluate mule deer habitat relationships

A
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and range survey methods under the
statewide range research project. All of
these provided background and baseline
data for further, long-term research

on population ecology of mule deer
beginning in 1975 (Pac et al., 1991).




Timbered Breaks

Timbered breaks occur within
a 10-50-km-wide by 300-km-long belt
of rugged badlands along the Missouri
River and its tributaries in northcentral
Montana. The “breaks” are characterized
by closely interspersed open ridges and
sharply-cut drainageways or “coulees”
that dissect the shale substrates of the
area in a dendritic pattern and become
progressively wider, deeper, and more
steeply sloped as they approach the river.

Our studies centered on a
representative 275 km? area located at
47° 30’ north latitude, 108° 30’ west
longitude, about 40 km northeast of Roy
in central Montana (Fig. 1). This area,
described in detail by Mackie (1970)
and Hamlin and Mackie (1989), extends
about 30 km in a 7-11-km-wide band
along the south side of the Missouri River.
Elevations range from about 945 m on
rolling plains along the southern edge of
the area to about 685 m on the Missouri
River floodplain.

The varied breaks topography and
soils support a complex mosaic of open
low shrub-grass and timbered vegetation
types that impart a savannah-like aspect
(Fig. 3A). Forested types cover about
50 percent of the area in scattered, open
and medium density stands of coniferous
trees and shrubs along the side-slopes of
drainages. Riparian forest, dominated by
deciduous trees and shrubs, is restricted
to Missouri River bottomlands (Fig.
3B). Low shrub and grass dominated
vegetation covers most of the remaining
area, including ridgetops, coulee bottoms,
benches, and some steep south-facing
slopes.

Figure 3.

Timbered breaks environment, Missouri River Breaks study area.:
upland breaks (A) and bottomland and adjacent slopes along the
Missouri River (B).
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The climate is semiarid,
characterized by moderately low and
variable precipitation, low to moderate
snowfall, low relative humidity, moderate
to strong winds, and great extremes in
temperature. Variation in all weather
factors is the rule; it influences wide
fluctuations in both growing season and
winter conditions.

As a result of these environmental
factors, the breaks are primarily
rangeland. Approximately 75 percent
of the area is in public ownership: 45
percent lies within the Charles M. Russell
National Wildlife Refuge, 25 percent
is administered by the Bureau of Land
Management, 5 percent is state land,
and 25 percent is privately owned. The
human population is low and use of the
area is largely related to livestock grazing
and recreation.

EcoLocy AND MANAGEMENT OF DEER IN MONTANA

Timbered breaks have long been
recognized as important habitat for mule
deer. Although deer populations in the
vicinity of our study area declined to
extreme scarcity during and following the
homestead era, they recovered during the
late 1930s and 1940s. The increasing
populations focused attention on mule
deer by the mid 1940s, and aerial and
other surveys provided data on population
characteristics and trends from 1947 to
1952. Concern for possible competition
among mule deer, elk, and cattle led
to an intensive study of interspecific
relationships during 1960-64 (Mackie
1970). These studies initiated aerial
surveys to determine early winter deer
and elk population characteristics and
trends through 1974-75.



Prairie-Badlands and
Prairie-Agricultural

Studies in the prairie badlands and
prairie-agricultural environments were
conducted on a 543 km? area centered at
47° north latitude, 106° west longitude,
approximately 20 km northwest of Terry,
in eastern Montana (Fig. 1). Described in
detail by Wood et al. (1989), the Cherry
Creek study area extended about 40 km
east to west and 23 km north to south,
spanning the drainage divide between the
Yellowstone and Missouri Rivers.

The most prominent topographic
feature is Big Sheep Mountain which rises
90 m above the divide to an elevation of
1,096 m. The t